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BUTADIEN-BASED POLYMER AND ITS PRODUCTION 

PROBLEM TO BE SOLVED: To obtain a novel butadiene-based polymer excellent in 
mechanical strengths, low heat generating properties and abrasion resistance and provide 
a method for producing the butadiene-tjased polymer. 

SOLUTION: This butadiene-based polymer consists of 20-1 00 wt.% of 1 ,3-butadiene 
monomer unit and 80-0 wt.% of other monomer unit capable of copolymerizing with 
1 ,3-butadiene. In the copolymer, the ratio of the weight average molecular weight(Mw) 
over the number average molecular weight (Mn) (Mw/Mn) is 1 .8-5, the Mooney viscosity 
(ML(1 +4) at 1 00°C) is 30-200 and the content of 1 ,4-cis bonds in the 1 ,3-butadiend 
monomer units is ^98.9 mole %. This production of the butadiene-based polymer is to 
use a novel catalyst containing a lanthanum series metal. 
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^ 7;U xj-n 7 X — ;P ) xKl>-- h , N , N - >-';>< -^./l- r — 
>j-«^i.7^h9 (^y:?'7./P:tD 7x^/1-) ;nV— 
1,1* -i->-f-;l'7£a-t^i^j^T-h V (''<>':5'7;l' 

[ 0 0 4 2 ] ^ril^jgfl:-&!|t ( c ) . 

JBft-^!f!3 ( C ) {i. i^M^^^ I ~ I I I Si^JRtc. ^i'- 
=3:< i: C>lAi:oc^^icl -8S:-t-Ht-r-I.Mfc4<^«*i 

[0 04 3] WmU^'>A{t^tli:LT{i, 
•^A. 7>;WU-^'>A. 7x^;kU^'!7A^rfc'3&^'#(t% 

'^A. h'J-f y7°ntf;UT;W5— i^A. hU-Yvyf-zP 
■So WbiHafc LTti. xf-./Pv 

^ h\ xf-;t.T;U5-'>i:,4r.X=5f^'a9-f ^^/PT 

[0044] ±iS (A) . (B) W (C) j&^/^sSr^M 

,«|c^)ffl^«J:t ( JtT-^-r. ) ii:. ( B ) / (A) COT 

mti'0 . 01 . iB-tKiio. i-cibK). i o 



00, lFiL<{il. OOOT'.t)S<, (B)/(A)*« 

/ (A) ^mmi>z4^^\,^m^iim-^mmmrL. mm 
izizb \>^'^ii^mcr>mmfim^i^'pizn^ ^ 

[0045] *^H307't5^ i^'xy^M^ftccoffi 1 
*i£tC43ftS (A) OfSfflA <#ifl£l^;i.fc^tri) 

(A) ) (OTmao . o o i ^ 

.^1- , *f 4 L < {4 0 . 0 1 5 U ^ T'^ 0 . ±mi 10 0 
^FI^L<{41 0 5'J^;l'T*.&. (A) (7)ffi 

[0046] *»BJi7)7-^i-'x>-^a-^(*{4. i Tts ^^ 
ctyym7-^-t^i'^^y:^ymiiMit^m <D) , 

^i'^ xiK ( E ) &t>'j^«i3^ig 1 ~ 1 1 1 m^^^m 

1 , 3 - 7" i'Xi^ 1 — 1 0 0 1 , 3 - 7^^ 

[0047] ^^u^^>s^s^#*-r•s yw^^m 

^I^BJiOT'"^ i^^x>'^a^frcDlS 2 (7)Mjt:&atci3V 
ISfflf Nn^>®^*#*-r-S. 7 > iJ' > IS^iJAWt,-^ 
JKa ( D ) ^mm-& 7 >^ >'m?'J^Jl{4. V y^ ymi 

±mt-^ (A) t'fflV^4>fLS«)i7)i:ln|#f ab-S. 

y>'M^t LT{4, 7 -y*. mm. mm^t'^mf^ 

V^^iJ^iK-fb-^ii!! ( D ) {4. 2Wi> t< J43«c7)7 

y9yw^:^s^^ tsnyy^m. f^ufywmm. 

i^Yms}\uYymm^mmm:hh. 

[0048] "yy^ y^^JAJRcO>'Nn^'>"f|:^i: LT 

{4. 7>yfgfl:!f?!i. m^-fi5f8j, *S'fi:!|%r&t>'3'>S'fi:!Rsj&i 

[0049] =yy^ yWA-^m<r»\viyyw^;W^m.h 
m')ywmfmfi^i\h. 

[0050] "jy^ yw^\M<nrsu^ym.W})Vif^y 

mS.^'m^-th^^ufymWkiDVif^y^m.}:. LTi4. # 

^^{f. MlgiCl~l 20. 

> aJftlWI&il;^?!. ;i^>'^X{4^ NO Sm^yl^ d-' 

i^m^^W'^^ni.. J:ftMi:tT(4, 7;l^3i-pgf^. 7' 
nti^Se, ;?nna^K, 3-Hi^S$, -J^A^^mm. 
i/^nnBH, M;7;l^3tapK, hU^naim 7 
/l:^n7*C7b-^>-gf, ^?na7°ob''^>-®?. 7;l.5raiS 
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y)\.^u^Mmm. y'^'E^MMm. ^na^J.#®, 
\iya^=~)imm. i^yfl':^tiy:L-AmM, -J^xiuy 

[005 1] v>^>'^mM<^^^^y>wm^m'} y 

Tie^— (II) X'm.^ixh. 
[00521 -m.^ (II) 
Ut2 ] 




^ ^ OH 

(I I) 

[0053] (dCl-C, Rs '^iJ'^^<i:*>t>t 

ofi. K»SS[l~2 0£-tl|-r§, ^^^y>«^K^bK 

[0054] ±£HI^ (II) 'm^tlt^^m<^S. 

wmtLxi,i. y>'isb'x (^/li-o^^sfv/t') . yy 

{/\uYymSkT)V^)V) x.X'rfl- ; 'J V-^b'X ( 7 
;l^7j-n7x— ;W) , U>'Mb'x (7n^7x^;W) . U 
>-KbX (^an7x— 7P) . U^'Kb'X (3-h'7x 
-/l-) ^iriOU>l|b'>5. (Mn:>-'ygmr'J-^W) x;?. 
T^/W ; b'X (7/l^4-C?'v4i/^/W) 7^X7 ^^!$. b'X 

(7'c?^^^i^;l.') *X7>f >I§, b'X (^'no'v^v- 
;i. ) *;X7 -f >li5jti: iOb'x (y scr >">-a^r;P^;i ) 
:rf5X7 >f Vi? ; b'X. ( y}l':^uy sL—fV) *X7 -i V 

b'X (7'a^7x:^/V) *:X7 Og?, b'.X (^n 
n7x— 7f:X7 >M^?:cOb'X {)\ny>W^T 

[00551 7>':^'>'^?j^E<30^Nn^^>-S^T/U3^ 

v F{±. m~m&^w-j:v^t)K mLxt. mssxi-io 

^i?5fl:#:ffiJJ: LTti, 77W;tax:J'y-/i., T'a^rx^ 
j—fV^ :?aax^7— /V, 3— Kx.^y— 7/1'^ 



3— /W: yA'i!Xi^Vl^lVT}V^—)V^ ^uu^WiV 

[0056] 7 >' ^' >-^?iJ^Jl<75/\a5^>SJ^7 x y =3f 
^-i'^-I.^Nn:>'>M^7 i J—)vm<r>y x 7^i^ 

7x./^>'^•s^?^fi!t-r■s.>'^o^^■>am7x7— ./i^ , 

m.<nmim}L\^X\t. 7;k:tC?7x7-;W. 7'n^:7x 

y— ^'007x7— 3— K7xy— -Jy)V 
:tn7x7— >''i?c7a7x7— \-^)y}V-^xxy 
x.y—iv. hij7'a^7x7— ^U:^'aa7x>'— 

[0057] yy-9>mi\±m,cr>J\^y>m.^MWMW 

«\ > »t Siifc^l* 5-12 Sr-^^-r § yS - 

auT-b-f-./l. T-bh>\ 3— KT-b^;l-T-fe h >\ 
•^y )i-^UT-^^)VT-^V>\ 'vdr^f7"atT-fef-;UT 

-feb>\ 7;W4-axf-;kr-fef-;wr-feb>\ ;7oux^ 

[0058] >'Nnyym^2r^*-r-S 7:^^ y^^iJ^Jl 
(D) fcLT{±, ±IH£7)4'-C^. ^Nn:>='>'Mm?& 

[ 0 0 5 9 ] ;l--f XM ( E ) . 
^^m<7)y' 9 ^'x y^m^i^cnm 2 £OM5t:^rfe5t-±3 
i£ffl-r-&;MxK (E ) LT{4. ?ftRS5g§ix'5rv^ 

^t'commm^^Lxi^xi^RVK ^m^^^ymit-^^m'T) 

M^mtLXl>±. hO^^Jl-yr^uy. M)7xx;i,-;Ka 
y, hUX ('<.>'^'7;V;ta7xr::;l/-) /i^ov-. h'jX 
(^:77/V-:tn7x-/l. ) d1a>\ hUX ( i^7yWjf Q 

[0060] ^^mcoy^ v'x>'^,a-&{4:<7)m 2 OSit 
*^tc:*3V^Tftffl-f-5)3ffl#a«SI~I I li^^JR^-^ 

■^■tr^^m-Amit-^m (o ^i<7jS3t:^^tfcv^ 
xmm-t^^mMmih^m (o hiiim-eab^. 
[ 0 0 6 1 ] ±12 ( D ) , (E ) (C ) 
mmmt i^^ji^itx-^-r,, ( e ) / ( d ) 

Hy/O . 0 1 , L ■< W 0 . 1 -Cfc 0 - ±1®// 1 0 
0. -BtKitl OX'h^. tfc, (C) .- (D) c7)T 
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mm. o.n^L<iiioT$>f). ±miio. oo 

(D) 3&%K^^/J^sv^J^«*•^^S14*^^gTL. mmz 

[0062] :^mm<7:>r^-jjLy^m-^mom2<7)m 
^r^tctjft-i. (D) cr>mma. (mm^i^^mzMt^ 

( D ) c7)^:;UiT-^-ro ) i7)TR6*iO . 0 0 1 5 U t 
fl\ MtLKiiO. 0 1 5 'J ^ ;l T'* 0 . 10 0 

5 ;K Iff* L<{4 1 0 S y ^/t'-C*S» ( D ) cDit 

[0063] *^BB07-^'i^x>^S-^f*{it. rsnyy 

w.i'^^^-t^^ y^i^mit^w (d ) i:W^T 

;U5-'>A3j-dfi^fl;-^!R8 (F) ki)-i^^?,fm<^^T 
1. 3-y:J'>''x>'l-l 0 0M?o'&tXl. 3- 



-01 



) 

[0064] :*:||Bgor:? S^'xy^S-^f^iOH 3 cDMit 

mit-^ (D) {±. 7'^'S^X>^^m-|?f!|s<0^2i7)Mjt:^ 

<D) fclll^-CJb-l.. 
[0065] S^T/l.' ( F > . 

«ffl-r.i.*aT;i'S-T>A^^i^>fii^!ii ( F ) {±. Tfv 

^y^^yti^whit. Tie-JK^ (III) ^tilt- 
[0066] -jK3t (III) : 




I 

O-f-A 1— 0>-r-A 1 




[00.67] -I5b« (IV) 
[-(^4] 



(III) 



R 



l-Al-O^I 



(IV) 

[0 0 68] {ZZX\ R5-R1 oii. "ttL^H. Tfc 
«JS^. ^M3:>='>'ll-?X{i^Si[l~l O^-^^-t-^M 
-fbJc^S-eSi-S, nJiOJiUii^^T^oT. SfSL< 
l± 5 a±.. ±mint L < {± 1 0 0 . J:*)MtL<ii5 
OX'hh. ttz, R5 ~Ri 0 ^*Lm. H— r 

[0069] (III) Rz/ iiv) izinfi>m 

it^mmbLXii. :><^fm. x^A-X. y-ai^fm. 

4'-e*>, ^^.nm. x^;i.«, rntvi-s. z^'^fi-mn}^ 
ntv^^. -m^ (III) jiix ( IV) tc*3{t-s.^Nn 

yvJS^tLTti, ai^Ili^, tS^jlE^X 

[0070] ^mrn ^-^j^^^i^^t-^ ( F ) 

i^mtlxii. x^ata sy 

^■>)-y . y'xi\^'/i'Tii Si y^-*)-y. y'^/irn s. y^-^r 



[0071] *1ir;l'5-'>A^=3f i^fl:-^ ( F ) 

xf-;wT;P5x»>A-feX'^^'o9'f j^^yl'T;!-' 

X%h, 

[ 0 0 7 2 ] ±iE (D ) ai^ ( F ) i)^h^j:hfmim!^ 
Jt ( (F) \iT)V^:=^^AWMm.XtmL. ^)VitX' 
) ii. ( F ) / ( D ) cOTm^ 1 0 . t^i L < {4 
30XM . imtfilO, 0 0 0, SfiL<{i:5, 00 
OX'hh. ( F ) / ( D ) *J)aol(C/]N§ », >J^-^<i:S^$E§ 

[0073] *^HBiO:/^>^x>'^m^f*<7>^3<^Kit 

:&&c*5Jts (D) ofigffl* (#M^^slt/^t:r^tt^ 

( D ) (ri=t)Vm.X'^-r . ) OTPIJ40 . 0 0 1 5 'J ^ 
JV. Iff^ L<{40 . 0 1 S 'J^;lf3^0 . _hPI{4 1 0 0 
SU^/P. *FtL<«l OSU^/l^T'^b-S. (D)coffi 
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> t ^m^^mo:^(r)m(7)mmi^ 99-0 *«%*^ 

#«^KJSffi:baiXS^<f t'Sr^Ji: LT^^ 

[00751 :^mmy'yp3^y^m^iii<7ym 1 -us 

1 ~ 1 0 <7)mmm.it^mm/mmm 6-12 

■^y. ^^-f^s ^-y'^y^ pti^-^y. >"?u^^-^y 
^xk'tmfi^tL^, ^^^yyi^f-xmm^tit^mmmit 

ymtLXi±. i7c3n;f:/lA. j^-f-l- V^n^-f 1^ . 

x3uKy-kfy:^}f-^mif^jti^. fpX'i^. ^y^y^ ^ 
^■^y\ ^y^y^ :^^^y^ i^^u^^-^ytim^L 

[0076] ^^m(ny-? z^x.yms.-^^<om i^ms 
(omMifmzi5^-^xmm-t:^mmii. mm^m^Kjm 
'^<rjHmizi:^mmm±'t^mz. mm<^«^^-^^^ 
m.mzimLxmm\.xi,x\'\ 

[0077] fflflst LXii. fi~if^y-f^ y^. Mim. 
m. JtaiS«**2~S0 0m2/si?5^fL'l4Sl^T-a5-& 

zki}mtL<. ^m. ioo^8oox:ximmLx 
ym^m^iximt Lxmm-r^^. 
[ 0 0 7 s ] ^-m^it-^vsb vxii. mmiz^mm 

Jix^iim. r^x3yym^^'t'(^mmz:^-t^i^ 
(7^)t)mtL^K ^m^^^it^^tixi,i. xf-L.>\ 

r a t u >- , rfr- >^ t'crxx-^uy^ > .*»#cmtt^ 

m^^^h^^a -^v ym.wm.'^wmf^'&a - 
:^vyA y^m-'Mii^3&.mzT ^ u ii-m. }<^7\i ivm. 

ig^kt'-;!/. b'x;i,T;U3— ;l , x-f-u-y, ^-'b'x/K 



m(kx^vy^^m:>iimifht\.h. ^K^ay^ 

-m^^-^m>t . ^nwf-m^ 5 ~ 2 5 o yxx<m?m. 

[0079] i^^<n% 1 3 OT"^ i^X ^ma^fls 

-^ffiS-i^'x 5 'J -w^mLmzmMmmsLV^^mmi 
'mn^x\%. ^^m.%-^^w^<x%h^x\ mmm^m 
mmxt' h » 

[0080] mm^mx^-thT-'^&'mnh lt{± 
#tcRB.^§ ix^v \tiK mmm. 1 ~ 1 0 commmit-'mdi. 
x^mmm 6-12 oo^mmMitykmtimf (>ix. ^ti(> 
w NO yymf-xmm^ ixx v^xijj:VK mmmtAm 
ttTtis y-^y. ^y:i^y. ^^■^y. ^y^y. yt 
"p^y. •y^-a'^^^ytikifimf^h.h. ^^ufyw. 

=^x^m^ixrzmm'^im>i \^x\,t. ^^aoT^^iA. 

^^mmitmbLXii. ^y^y. h;vxy, ^ 

>■ V yt£ Zifimf /^ix h , yW-'^xm.m^ixft^ 
WmAYJmh Ltfd:, ^nn'<;y-b:V:5:i:"*^W'^ix 

f+iTi). -^>^'>'. -^^-^-v. 's.r^^'. Ji-;?^' 
y^ l^9x3^^^yifi^t.\.\,\, 

[0081] M-^ffimti. - 5 0-2 0 O'C, *f 

4t<{40 — 1 50°C. §A>Wf*L<{i3 0 — 1 0 0 
*CX-S>I> , m.-^mm.i 1 2 0 Bt^gJS. fi-^JE:t{4 
1 ~3 0 k g/c in2 gjrefc^ , 

[0082] v^xy^fi-^fjfsolg 1—^3 

^JfcLT. 1. 2.-y9-J:x^y^£}£ayrvyW.^ >-i9V! 
it 9 9 i.'x > =5: t'iOlH^v'xy^Jltf*^^ t'36S^(f 
ixl>o 

[0083] M-^R^BOlfiti:. mm. Rfr.^cOie-ft^fc 

oTtri^ixS, m^WsmhLXM. mt\i. ?fc; 
y— x^y-;u. 7'n.nv-/K y:^'y-;l'\ y 

xviSg. .>s~^^^-/C^mts:}i<ry^Wmi:)it>mfhix 
iix^><7)fi'^ff±lfiJ{42^£Ui«0M^!f58>: 

[00841 m.^K^w±.\k(r>m-'M-¥^mmthi5m 

[0085] ^%m>y9 i^xy^fi-^fjis(4. 
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^t'con^ib^^^tl^^ d^-X. ^ 

[0086] 

(1. 5. 30-5. 50ppmi:l. 2- 

M-^:4. 94-5. 0 3ppm^0l^^'■:^y^-^^it) 

t ?; c-PST-NMR^b'-W (^-X^-^ : 2 5. 5pp 
h 7>XJS^ : 3 2 . 8 P pmcOi-irrh/I^lSJt) 

i^^**. 1, 4-h5yXi»^WaS.D^t-^;l^ 

-^^^larift^tfco 1, 3-:/^>'X>--^yTl/y 
( 7 > ) ^t^-^f^c-eti^ 1 H - N M ( ^ y 7° 

V'ymi<7>:><^}l-y°n hy : l. 6 5~1. 72ppm 

b-^yyu yMM3.(r>?i ^ v- yru h yt^ XXJ^f^ s^'x y 

Sm.<r)y<'1-]yy~rxnV> : 1. 9 5 — 2. 2 5 p p ra<7) 

iJ-^'^^I^Sfimb) io^hm^il^^(7) \, 3-7'^ i/x 
if^mS-trMS-^^tfc. iJ-TM-rB-^B (Mw/,Mn) {4 

MJ|6?KU7':5'i^'X>iiE^ (.-KU h >J -X 

Mw/Mn^^^L/S, a^fjciOA-x-fiig (ML 

( 1 + 4 ) 1 oo'C) ti. J I s Kesooiizmt-x 
[0 0 88] (mmmi) 

ir-^ i/x yM^W.<r>W, 1 <7)gJi:^^tc i ^ 1 . 3-y 

fi^j:.y-m.-^W<^^. 

NdjOs 5%) *^»c7)M;^anp^ 

3 0%:4<}iJK*lc:J[|jt. 

^iOf^s #^>iX3tia#:&x-'r7W-Cgfe?f L. 160 
rfMflET3iitl^^t- Nd (ococ 
013)3 ^tJS'^WtC^it (14^9 7 . 9% : TiV 

-feV"-h I I IS) , 

[0089] l^^mi 000ml OMifW*^-- h;? 
T't:, Nd <OCOCC 13)32. 0X10-4 



uyx.~iV) -ii'i — h [ (Cg H5 ) 3 c] [B (Cg 
F5)4] 2. 0x10-4 ^yL^^ffca-J^. M*l?Hm 
TT\ n -^^-^y 2 0 0 m 1 ilK- h U y 7'^;UT 
;l.«X'>A6. 0X1 0- 3 mo l^^SPL. I^t 
i^t^T-. 1, 3-y:^!'i;*x>'54. Istn-^^ 
2 0 Om 1 ^>^^|.rt|gSr^SnLT. 5 O^C-C-2^ 
wm-^mi-ofz. 5 m 1 cO^-Y yra^NV— /t' ( ^ y 
rn^NV-;H 0 0 Om 1 t3j*LTaiJ!iBe5 Om I ^il 

14-^ yT-a-AV-zH 5 0 0ml l^^rii^. WHit/i 
m^W^wWL. ^imLfz. §4>fc, M^i*^h/^x>'4 

0 0ml iC^^Ls .lilarKIt^ y7°n^<y-;H 5 0 

Om 1 izi^^')h^^ m^Ltzm-^w^mL. 

1 ti^-fo 

[009 0] («Sfef?y2) 

y-^ i;^x >-«a:-^#ccDSl 2 j: hi, 3-7' 

h U 7x— i^Axh^ (^> :?7;l':ta7x 
x;l.) h ( [ {Cg H5 ) 3 C] [B (C 

6F5)4])2. 0X10-4 ^r/tSrhU (^y-$fy 
)V:^X3y x.—fi') it(=yy (B (Cg Fg ) 3 ) 4 . OX 

10-4 ^Mz^vtzmv^t. mmmi twm.\>zmk 

[009 1] (||]|t^J3) 

7-^i;^xy^fi-^*o^30iSii:6-^l2:j:^ 1 . 3-7' 
.^i/x>^m^f*coMjt. 

10 0 0ml (T^mmn^ :t- h i^-rtc. N 

d (OCOCC 1 3 ) 3 2. ox 1 0-'^^)V^^^^ 
T>1' $ —^M-iTiM^Sfy^^i^^^ixtzTfl- 5 y > 

( MM A o ) <7)t;i^ s -"^j^^^msmm 5 . 1 aa% 

C7>n-^:3r^f ^}§IK^T;U§-'>AJE^^»T'0 . 2 0 
m o 1 mBMLtz. § n > 1 0 0 m 1 S: 

muDL. -^^{zmm-^fz. ^d^v^x. i, 3-7':S'i^'xi^ 

54. \%h'D.-^^^y^<^Om\ts-tyti:hWm.^W. 
JdLT, 5 0°C-C'2Btr^M-^^tf-:>/Co M-^f^sc7)JR 0 K 

L{i»iiCT \)zwm<z:M->tz. m.-^wmmi\m i o o 
xxh-ifz. %hfd-zm.^mzimh^m^m.'&^^. 
Mw/M ns^Xi^-:::l-^^^Jg$•a 1 tcs^t-, 

[0092] 

[«1] 
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»1 







1 


Z 


O 


A 

H 




1 fin 


1 nn 


1 no 

1 V/V/ 




1.4-yXSg^*S(€JI-%) 


99.1 


99 


99.3 


99.2 


i.4-h7>A«e^-&a(Tji'%) 


0.4 


0.7 


0.2 


0.4 




0.5 


0.3 


0.5 


0.4 


Mw/Mn 


2.28 


3.89 


3.24 


2.b7 


A-r-ffi J*CML(1 +4)1 00°C) 


6t} 


42 


120 


59 



[00 9 3] mmn4) 

1, 3--7"^>--x>'5 4. IsSrl, 3-7':57>-'X>-2 
7 st^ vy'h-ySAst (^in,-^mi>zmn ItiWHi . 

:^v:. ^^.ixfc^fi^fti^ 1 . 3 -:/^i^'xy#.i«cmm 

1, 3-7'^>-x>'#if4=Wi+cr)#^-^#ffl-&4, M 

100 94] (mmm5) 

2 0 0 0ml ^- h i^-ric . N 

d (OCOCC 1 3 ) 3 6. OX 1 0- 4 t^l^trfta 

1. 3 -y:$'S^'xyi 6 2. 3gi:n-'s^-if>' 
900ml fcl. 2-7":?^'x>'4. Sgfc^asJPL-. 

'>Acoil-^!|=?!i3&»<^.i^^ii:^r;w5>/^-9-y (mma 

O) c7)r;V S-'>i^M^J^maK5. 7fi»%On-'v 
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